The construction of an integrative shuttle expression vector and potential utility was reported in Escherichia coli and Anabaena (Nostoc) sp. strain PCC 7120. The vector comprised of the following elements: (a) an intergenic non-coding region from Anabaena to facilitate its genomic integration (b) a strong functional P psbAI promoter from Anabaena for desired gene expression and (c) neomycin phosphotransferase gene with its own promoter for the selection of transformants. The constructed vector pAnFP was evaluated by cloning, transfer and expression of the gfp gene encoding green fluorescent protein. When the E. coli and Anabaena sp. strain PCC 7120 were transformed, intensive green fluorescence produced by the products of GFP protein was observed. This result indicated that the integrative shuttle vector pAnFP can be promisingly used in genome transformation for expression of heterologous genes in E. coli and microalgae such as Anabaena and Nostoc strains.
Introduction
In the last few years, microalgae have been extensively investigated for biotechnological applications as a rich source of bioactive compounds [1] , for biofuels production [2, 3] , and for nitrogen biofertilizer [4] . Filamentous nitrogen fixing microalgae Anabaena have been particularly interesting since they harbor vital processes of photosynthesis and nitrogen fixation [5, 6] . Apart from much research on heterocyst development, Anabaena strains have been known for their ability to overproduce biohydrogen for potential utilization as a clean and renewable biofuels [7, 8] . Genetic engineering is one approach for microalgal strains to produce more lipids-rich cells. Two primary requirements must be fulfilled before a microalgal strain can be successfully engineered in this manner. One is that these expressible and recombinant genes which affect lipid metabolism must be available; another requirement is often effective approach which should be developed to incorporate stably cloned exogenous genes into host cells [9] . Strain Anabaena (Nostoc) sp. PCC 7120 (referred to in this paper as Anabaena 7120) has been chosen for this study since its genome is completely sequenced and it is amenable to genetic manipulation. More importantly is that the development of stable integrative expression system will benefit from the well developed molecular genetics of Anabaena 7120. Therefore, we reported here a construction of integrative shuttle vectors, pAnFP, for inserting exogenous genes into microalgae Anabaena 7120.
Materials and Methods

Strains and Culture Conditions
Bacterial strains and plasmids used in this study are shown in Table 1 . Anabaena 7120 was grown in BG11 medium without nitrate [10] , pH 7.2, at 27˚C. E. coli strains were grown in Luria Bertani (LB) medium with appropriate antibiotics when required. Antibiotics were used at 100 μg/ml Ampicillin (Amp) and 50 μg/ml kanamycin (Km) for E. coli and 25 μg/ml neomycin (Nm) in BG11 agar media or 12.5 μg/ml in liquid BG11 media for Anabaena transformants.
Molecular Biology Methods
Standard molecular biology techniques were used [11] . Anabaena 7120 chromosomal DNA was isolated as described [12] . DNA fragments from Anabaena 7120 were amplified using the polymerase chain reaction (PCR) with appropriate primers shown in Table 2 . The nptII gene (encoding neomycin phosphotransferase) and gfp gene (encoding green fluorescent protein) was independently PCR amplified from plasmid pET-30a(+) and pGFP, respectively. Re-introduction of plasmids harboring with gene gfp by triparental conjugation [13] into Anabaena 7120 wild-type cells were used to determine whether these plasmids were responsible for the gene expression and growth phenotypes. Complete nucleotide sequence analysis of all the components of pAnFP vector was carried out by dideoxy sequencing method using appropriate primers ( Table 2 ). The sequence identity of cloned fragments with the known Anabaena 7120 genome sequence was evaluated using the BLAST algorithm (GenBank database, http://blast.ncbi.nlm.nih.gov/, and Kazusa DNA Research Institute, http://genome.kazusa.or.jp/cyanobase/Anabaena).
Fluorescence Microscopy
The green fluorescence expressing images of E. coli and Anabaena 7120 were obtained by light excitation at 365 nm and were captured by light emission at 510 nm with an AxioCam HRc camera attached to a Carl Zeiss LSM 510 META NLO microscope.
Results
Construction of an Integrative Shuttle Expression Vector pAnFP
The plasmid pBluescript II SK (+), hereafter referred as pBS-T, was chosen for construction of the integrative expression shuttle vector pAnFP comprised of (1) flanking regions F1 and F2 for integration, (2) Anabaena promoter (P psbAI ) for expression of the downstream gene, (3) the nptII gene for selection of the transformants with its own promoter in transgenic Anbeana, and (4) ampicillin marker on pBS-T for the positive selection of recombinants in E. coli. The 931 bp F region (for flanking) was selected from an 1192 bp intergenic, non-coding region separating the ORFs alr3857 and alr3858 of Anabaena 7120 genome (Anabaena chromosome 4654700-4655631). Individual elements of the pAnFP vector were PCR amplified using specific primer pairs shown in TABLE II and sequentially cloned at indicated sites (Figure 1(a) ). The F region was amplified separately as two fragments F1 and F2. The vector pAnFP was constructed in three steps (Figure 1(b) ): (a) The 431 bp F2 fragment was PCR amplified from Anabaena 7120 DNA, restriction digested with the enzymes BamHI and XbaI and ligated to pBS vector at BamHI and XbaI sites. A putative psbAI promoter region was selected from the upstream region of the psbAI gene, which encodes the D1 protein of photosynthetic apparatus. A 182 bp PCR amplified P psbAI product was restriction digested with the enzymes PstI and BamHI and ligated to construct pTF2 at identical sites. The resulting construct pTP psbAI -F2 on independently digestion with XbaI/BamHI and XbaI/PstI released the 431 bp F2 fragment and F2 + P psbAI fragment (Figures 2(a) and (b) ). An NdeI site introduced in the P psbAI reverse primer (TABLE II) provided an appropriate site for the cloning and expression of a desired gene in the vector. (b) A 500 bp PCR amplified F1 fragment was digested with EcoRI and PstI, ligated to pBS vector at the same sites, and designated as construct pTF1. The 613 bp XbaI-PstI fragment carrying P psbAI + F2 from construct pTP psbAI -F2 was ligated into construct pTF1 at the XbaI and PstI sites. The resulting construct pTF1-P psbAI -F2 on digestion with XbaI and PstI released the 500 bp F1 fragment (Figure 2(c), lane 1) . (c) Neomycin phosphortransferase gene (nptII), conferring resistance to neomycin, was amplified from the plasmid pET-30a(+), using nptII forward and reverse primers (TABLE II) as a 985 bp PCR product. This fragment was digested with Bam-HI to obtain a 985 bp fragment which was ligated into the same sites of pTF1-P psbAI -F2, resulting in the construction of a 5.082 kb integrative expression vector, pAnFP. The vector pAnFP on digestion with the enzymes released 500bp F1, 431bp F2, 182bp P psbAI and 985bp nptII (Figure 2(d) ).
Expression of the Shuttle Vector pAnFP with Gfp Gene in Escherichia coli and Anabaena 7120
Green Fluorescent Protein (GFP) has been used as a marker of gene expression in microalgae [14] . To evaluate ability of pAnFP as a potential integrative shuttle expression vector, a gfp gene from the pGFP plasmid was PCR amplified by using gfp primers ( Table 2 ). The 717 bp PCR amplified DNA fragment was restriction digested with NdeI and ClaI and cloned into the NdeI and ClaI digested pAnFP vector to yield plasmid pAnFP-gfp. Digestion of pAnFP-gfp with NdeI and ClaI yielded 717 bp (gfp) and 5 kb pAnFP fragments ( Figure   2 (e)). The inserted gene was transformed into E. coli TOP10 and Anabaena 7120 as described in methods, respectively. Transformants of E. coli and Anabaena 7120 harboring with the recombinant vector pAnFP-gfp were observed strong green fluorescent expression (Figure 3) ). This result showed that the integrative vector pAnFP-gfp has successfully expressed in both E. coli and Anabaena 7120.
Discussion
The expression of gfp gene in E. coli and Anabeana 7120 indicated that the integrative shuttle expression vector pAnFP can be promisingly used in genome transformation of cyanobacteria such as Anabaena strains. Plasmid pAnFP contains an integrative cassette and offers a novel combination of many desirable features. A gene of interest can be cloned downstream of a strong P psbAI promoter of Anabaena, integrated in the chromosome of Anabaena at an innocuous location and expressed. The vector pAnFP makes it more attractive for applications in the chromosomal integration and makes it amenable for subsequent tracking. Moreover, using of a promoter driven by a naturally available stimulus is eco-friendly and does not change the circadian expression of genes of microalgae [15] . The P psbA1 promoter from other sources has earlier been used for expression of desired genes in Anabaena [16] and in other cyanobacteria [17] and plants [18] . Our findings indicate that the pAnFP vector bearing heterologous genes can be successfully expressed in E. coli and be used for transformation of cyanobacteria such as Anabaena or Nostoc strains in the future. The integrative shuttle expression vector pAnFP may prove the way to generate desired transgenic microalgae for the bioactive compounds or biofuels production which can be varying potential utility of basic research and industrial applications.
